The recent development of minature fast analyzer systems based on the GeMSAEC principle, coupled with the possibility of direct introduction of unprocessed liquid samples, has been further extended to include a very small analytical system that is inexpensive, battery-operated, and portable. The basic analyzer is included in and on a cabinet, about 10 X 10 X 10 cm, and a coupled data-processor records analytical data in absorbance units and in arbitrary fluorescence units. The system is compatible with up to seven simultaneous colorimetric or fluorometric assays on physiologic fluids. The dynamic mode of sample loading is used, and the system is compatible with the introduction of unprocessed whole blood. End-point or rate analysis is possible, and the coefficient of variation obtained in multichemistry tests on a single serum sample introduced dynamically is comparable to that obtained with larger Centrifugal Fast Analyzer systems.
Centrifugal
Fast Analyzer (CFA) systems have been under development for several years. These analyzers, which are based on the GeMSAEC concept (1) , were originally developed as analytical tools for use in the clinical laboratory for automated colonmetric assays of blood-fraction chemicals. Successful commercialization of this analytical concept has led to increasing laboratory acceptance. Recent development efforts have resulted in addition of a fluorometnc monitor, thus allowing fluorometric assays (2) , and miniaturization of the analytical system (3) (4) (5) .
Further investigation of reducing the overall size of the analyzer has resulted in a very small, batteryoperated CPA system that should be relatively inexpensive and portable, while still maintaining the operating characteristics of the much larger systems.
Both photometric and fluorometnic monitoring will be possible.
Description of Analytical Systems
The analytical system is composed of the small CFA coupled to a battery-operated data processor ( Figure 1 ). The use of plastic, potentially disposable, rotors allows one to make as many as eight essentially simultaneous absorbance or fluorometric measurements, which will usually result in a maximum of seven assays from a single sample introduced dynamically. (One cuvet is normally used as a reference.)
Portable Analyzer
The optical, mechanical, and electronic portions of the small analyzer, except for the data processor, are contained in and on a cabinet, 4/16 X 4/ X 3'h in. (Figures 1 and 2 ). Unique aspects of this new analyzer include:
(a) The optical system is permanently aligned by being machined into the central frame.
(b) The optical system is designed to permit both and insertion of cuvet rotors. The new design, on the other hand, features a rigid optical system with a swing-out rotor. This arrangement reduces problems associated with misalignment of the optical system. The drive motor and rotor are pivoted in the main frame so that they will swing out for rotor removal and insertion, and are located in the operating position by a positive stop and detent on the frame.
Optical components.
A miniature quartz-halogen lamp is mounted in the top frame to supply illumination for either absorbance or fluorescence measurements ( Figure 2 ). If absorbance measurements are being made, the fluorescence excitation path is blocked by an opaque blank in one of the six excitation filter slots in the upper filter holder. Fluorescence measurements are made on special rotors having an opaque upper surface; consequently, it is not necessary to block the absorbance path. 90#{176} by a front surface mirror and is directed through one of six interference filters (which sets the fluorescence excitation wavelength) before passing through a quartz lens, which focuses an image of the source on the bottom surface of the sample in the rotor cuvet. The light converging to a focus from the lens is deflected 135#{176} by another front surface mirror to reach the cuvet. The 45#{176} angle of incidence was chosen as a compromise among several conflicting requirements: Obtaining maximum surface fluorescence, minimizing surface reflections of the excitation radiation; and accommodating limitations imposed by rotor geometry, filter locations, etc. (6) .
The exact focal point of the source image on the sample surface can be selected by movement of the two front surface mirrors. Focus can be optimized for fluorescence response by adjusting the focusing lens.
The fluorescent emission from the sample passes through an emission filter, in the same filter slide that contains the absorbance filters, after which it impinges on the photomultiplier tube.
Electronics.
Power is supplied to the analyzer from a battery power pack in the associated portable data system. Regulated +5, +35, and ±15 V dc supplies are provided, each with a separate ground wire. The +5 V supply furnishes power to the lamp, the drive motor, and the reflection transducers that provide cuvet and rotor pulses. The ±15 V supply services the operational amplifiers in the signal circuit and the integrated circuit voltage regulator that controls the +35 V supply to a variable ac-to-dc converter; the converter, in turn, furnishes adjustable high voltage to the photomultiplier tube. The signal outputs from the analyzer to the data system are:
(a) A signal proportional to transmittance, or fluorescence emission, from each cuvet.
(b) A rotor pulse, which indicates that a new revolution of the rotor is starting.
(c) A cuvet pulse, which indicates that a cuvet is in the light beam and a new measurement is to be made.
Portable Data System
The portable data system, shown in Figures 1 and  3 , contains the electronics for deriving and printing absorbance or intensity measurements from the output of either a 17-cuvet miniature CFA or the eightcuvet portable CFA. It also contains a rechargeable battery pack that provides power supplies for the 
portable
CFA and the data system itself. The data presented here were obtained with all of the components described below; however, part of the operation was performed with the components assembled in an experimental test configuration before final assembly in a cabinet.
Sampling time
control.
An internal clock allows monitoring and printing of the analytical data from the CFA at any one of four time intervals (5, 15 , 30, and 60 s), for a maximum of 10 sampling intervals.
Data output
format.
The data output format can be chosen from the following: (a) absorbance for each cuvet in the range 0 to 0.8192 is printed at the end of each sampling period; (b) the absorbance of cuvet 1, the reference cuvet, is printed at the end of each sampling period, and the change in absorbance for each of the remaining cuvets between sampling periods is printed at the end of the second and successive sampling periods; (c) the intensity of fluorescence for each cuvet is printed at the end of each sampling period; and (d) the intensity of fluorescence from cuvet 1 is printed at the end of each sampling period, and the change in intensity for each of the remaining cuvets is printed at the end of the second and successive sampling periods. The periodic signal from the reference cuvet can be used as a check of the stability of the optical system during each run, because it should remain essentially constant.
Operation.
After the output format, sampling time interval, and number of cuvets have been selected, the printing sequence is started by pressing the start button. The data are then printed at the rate of five lines per second by an eight-digit printer utilizing a seven-segment print head and thermal-sensitive paper. In each case, these data consist of a two-digit cuvet number, a one-digit interval number, followed by a decimal point and four digits of absorbance or fluorescence intensity data (Figure 3 ).
In the absorbance mode, the electronics package utilizes a logarithmic amplifier to convert the transmission pulses to absorbance data pulses. The latter are then digitized by a 12-bit A/D converter, and the resultant digital data are stored in a 384-bit randomaccess memory arranged as 32 words of 12 bits each. After the data have been accumulated in the memory, printing begins. The delta-absorbance mode is similar, but it requires an additional 384-bit memory section for storing the previous sampling interval data for calculation of the change in absorbance per sampling interval. The intensity and change-in-intensity modes are identical to the absorbance outputs except that the logarithmic module is not used.
Rotor Design
An eight-cuvet rotor ( Figure 4 ) has been designed and fabricated for use with the portable CFA. As in previous systems, the cuvets have 0.5-cm pathlengths. The rotor, which consists of three pieces of acrylic plastic glued together, is similar to others designed previously (3) (4) (5) (6) (7) (8) for use with the miniature analyzer. This version was primarily designed as a development aid and thus has significant versatility. As in other development models, the samples and reagents may be introduced in either a discrete or a dynamic mode, This rotor has a unique design in that the transfer channels connect the discrete sample and 
Results and Discussion
The analytical system described here represents (10mmol/liter)were used to determine linearity with concentration. The absorbances of the NADH and p-nitnophenol solutions were measured at wavelengths of 340 and 400 nm, respectively; the fluorescence intensities of the fluorescein were measured at the excitation and emission wavelength ranges of 390 to 480 nm and 520 to 600 nm, respectively.
The light absorbances of the NADH and p-nitnophenol solutions were essentially linear for concentrations up to an absorbance of 2.0 at 340 nm and at least 1.0 at 400 nm ( Figure 5 ). In addition, the absorbances of these solutions were also measured with the minatune CFA (5). Values from the two analyzers agreed to within 1 or 2%, and for both the noise level was very low 
Transfer and Mixing of Fluids
Considering the small volumes involved, quantitative transfer and mixing of the aliquots of sample and reagents into and within their respective cuvets are critical steps in the analytical operation of the portable analyzers.
The analyzer was operated simply by acceleration to 3300 rpm, followed by a deceleration to 1600 rpm for the transfer of the aliquots; thus the time-consuming additional braking step for mixing To determine the transfer and mixing efficiency, 60-id aliquots of distilled water were placed in sample chambers 2, 4, 6, and 8, and 60-jsl aliquots of a dye solution were placed in sample chambers 3, 5, and 7 and in each of the reagent chambers 2 through 8. For reference, 60-zl aliquots of water were placed in the sample and reagent chambers of cuvet 1. These aliquots were then transferred into their cuvets by rapid acceleration to 3300 rpm, followed by a slow deceleration to the analyzer's normal operating speed of 1600 rpm. If transfer and mixing are complete, the absorbances of the solutions in cuvets 2, 4, 6, and 8 should be half those of the undiluted solutions in cuvets 3, 5, and 7.
Results from this experiment are summarized in 
Dynamic Introduction of Liquids
The most probable mode of operationof thisanalyzer will involve dynamic introduction of a sample into a rotor already containing reagents. This might even include the direct introduction of an unprocessed sample of whole blood. Premeasured volumes of liquids may be introduced onto the splitting vanes of the spinning rotor and apportioned into equal auquota, which are then automatically transferred into their respective cuvets (7) . To determine the precision and accuracy of this technique, we loaded discrete aliquots of a dye solution of known absorbance into the cuvets and then subsequently diluted by dynamically injecting a premeasured volume (160 l, 20 .tl/cuvet) of water into each cuvet. The actual volume apportioned to each cuvet can be calculated by comparison of the absorbances of the undiluted and diluted dye (9) .
The average volume apportioned to each cuvet was 20.5 l, with a CV of 3.1% (Table 2) . Equal apportionment should have resulted in the introduction of 20.0 il into a given cuvet. This degree of precision and accuracy compares favorably with that obtained for the miniature CFA (9).
Clinical Chemical Analyses
Overall system operation can be evaluated by assaying for serum components, with use of techniques previously developed for other types of CPA. Analyses for glucose and for lactate dehydrogenase L (EC 1.1.1.27) activity were made by discreteintroduction of the samples and reagents before centnifugation. One test for multiple analyses was also carried out by using preloaded reagents and a dynamically introduced sample. Data were analyzed by the portable data system, or an on-line computer, or both. were discretely loaded into reagent chambers 3, 5, and 7 and into2,4,6,and 8,respectively, ofthe rotor and subsequently transferredinto their respective cuvets. (Water was loaded into cuvet 1.) Eighty microliters of serum (10 il per cuvet) was then dynamically introduced into the spinning rotor, the ensuing reactions were monitored at 340 nm on a rate basis, and the resulting data were processedwith the on-line computer and the portable data system. These data (Table 3) indicate that a sample may be dynamically loaded and splitinto equal aliquots, which then can be analyzed for differentconstituents,all within a single analytical run. This capability isbasicto the successful development of a portable analytical system.
We conclude that the Centrifugal Fast Analyzer can be successfully reduced in sizeto provide the basis for a rugged, portable analytical system. When it is battery-poweredand coupled with an equally portabledata processor, colonimetric or fluorometnic assays of acceptable accuracy and precision can be provided in a variety of environments. Although this portable analyzer is compatible with the usual operation of a discrete sample analyzer with individual introduction of samples and reagent solutions, its greatest usefulness might be with plastic, disposable rotorsthat are preloaded with reagents and can accept a dynamically introduced sample, even whole blood, foras many as seven assays.
Applicationsforsuch a portableanalytical system could include small clinics, remote facilities, or even "Mean ofthree and four observations for the dehydrogenase and aminotransferase analyses, respectively. mobile laboratories.
Succeeding prototype systems including the data processor will probably be housed in a common cabinet requiring about one cubic foot of space.
